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SECTION  1 
INTRODUCTION 


The  molecular  thermal  emission  model  in  ROSCOE  is  documented  in  Volume 
28,  Molecular  Band  Models  for  Thermal  and  Optically  Pumped  Emissions.  Thermal 
emissions  arise  under  conditions  of  local  thermodynamic  equilibrium  (LTE) .  These 
conditions  occur  when  collisions  are  sufficiently  frequent  to  maintain  equilibrium. 
The  use  of  Kirchhoff's  law  to  obtain  emission  from  absorption,  which  applies  in 
this  situation,  is  discussed  in  Volume  31,  Sight  Path  Integration. 

The  original  model  covered  only  the  2-  to  5-micron  region  (SIVIR).  The 
present  work  expands  the  data  base  used  by  the  model  to  LWIR  wavelengths.  Band 
model  parameters  are  now  provided  for  the  2-  to  100-micron  spectral  range.  In  ad¬ 
dition  parameters  for  metal  oxides  have  been  added  and  parameters  for  certain 
other  molecules  have  been  upgraded. 

Section  2  documents  the  sources  used  for  the  revised  parameter  set  as  a 
function  of  species,  wavelength  and  temperature.  In  addition  the  weak  line  and 
strong  line  parameters  (describing  absorption  in  optically  thin  and  thick  regions 
respectively)  are  shown  graphically  at  temperatures  of  300  and  3000  K. 


PRECEDING  PAGE  BLANK -NOT  FILMED 
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SECTION  2 

LTE  MOLECULAR  BAND  SHAPES 


MODEL  IMPLEMENTATION  IN  ROSCOE 

The  ROSCOE  model  for  LTE  (.local  thermodynamic  equilibrium)  molecular  hand 
emission  and  absorption  is  documented  in  Reference  2-1.  In  its  original  form  the 
model  was  developed  only  for  the  SWIR  spectral  region  between  2000  and  5000  cm~l 
(2  to  5  microns).  In  the  present  effort,  the  spectral  coverage  of  the  model  was  ex¬ 
tended  to  the  LWIR.  This  was  accomplished  primarily  by  augmenting  the  data  base  con¬ 
taining  weak  line  and  strong  line  parameters  for  the  molecular  species  of  interest. 

The  revised  data  tape  contains  parameters  for  the  species  listed  in  Table 
--!•  The  spectral  coverage  now  extends  from  100  to  5000  enr*  (2  to  100  microns). 

The  data  base,  however,  does  not  contain  contributions  from  pure  rotational  bands 
of  several  species,  which  are  important  at  wavelengths  beyond  25  microns.  (The 
pure  rotational  contributions  of  IbO  are  included  in  the  data  base;  these  are  im¬ 
portant  at  wavelengths  shorter  chan  25  microns.)  Therefore,  the  revised  data  base 
can  be  used  with  confidence  in  the  wavelength  region  between  2  and  25  microns. 

Other  aspects  of  the  data  tape,  such  as  the  5  cm-1  wave  number  resolution  and  the 
200  to  7000  K  temperature  coverage,  remain  unchanged  from  Reference  2-1. 

Although  hand  model  parameters  have  been  provided  for  19  species  in  the 
new  data  set,  thermal  emission  and  absorption  in  ROSCOE  are  still  calculated  only 
for  the  10  species  originally  included  in  the  code  (denoted  by  "a"  in  the  last  col¬ 
umn  of  Table  2-1).  Since  the  parameters  for  other  species  (primarily  metal  oxides) 
were  available  on  the  WOE  II  data  tape  (Reference  2-2),  they  were  incorporated  into 
ROSCOE  for  use  at  a  future  time  when  concentrations  of  these  additional  species  may 
be  calculated. 

The  Lorent:  half-width  for  pressure-broadened  molecular  lines  is  required 
by  the  ROSCOE  LTE  band  model.  The  Lorentc  half-width  used  in  the  revised  model, 
a{_(STP)  on  page  12  of  Reference  2-1,  can  be  determined  from  Table  2-1  according  to 
the  relation 


a| (STP)  =  a|(Tref)  *  (-'D 

Values  for  or  (T  ..)  and  T  r  arc  given  in  Table  2-1. 

L  ref  ref 

MOLECULAR  BAND  SHAPE  PARAMETERS 

The  development  of  the  molecular  band  shape  parameter  data  set  used  in 
the  revised  ROSCOE  model  has  been  described  in  Section  t>  of  Reference  2-2.  Table 
2-2,  taken  from  Reference  2-2,  summarizes  the  sources  of  data  used  in  the  model. 

The  revised  parameters  generated  according  to  the  procedure  described  in 
Reference  2-2  have  not  been  previously  published.  Graphical  representations  of 
these  parameters  at  two  selected  temperatures  (500  and  5000  K)  are  therefore  included 
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Table  2-1.  Lorentz  half-width  parameters. 


Species 

“L'Vef1 

^ref 

Source 
(See  Notes) 

A  HO 

0.04 

300 

b 

CH4 

0.06 

273 

a 

CO 

0.06 

273 

a 

C02 

0.07 

273 

a 

CuO 

0.04 

300 

b 

FeO 

0.04 

300 

b 

h2o 

0.04 

273 

a 

hno3 

0.05 

273 

c 

LiO 

0.04 

300 

b 

MgO 

0.04 

300 

b 

NO 

0.04 

273 

a 

N0+ 

0.04 

273 

a 

n20 

0.08 

273 

a 

N0? 

0.10 

273 

a 

OH 

0.06 

273 

a 

°3 

0.11 

273 

a 

SiO 

0.04 

300 

b 

TiO 

0.04 

300 

b 

UO 

0.04 

300 

b 

Notes: 

Unchanged  from  Reference  2-1. 

^See  Section  5  of  Reference  2-3. 
cReference  2-4. 

as  Figures  2-1  to  2-38.  The  data  compilation  consists  of  the  two  parameter 

•  SOD,  the  average  line  strength 

•  DEI,  the  reciprocal  of  the  effective  line  spacing, 

which  are  defined  explicitly  in  Equations  2-7  and  2-8  of  Reference  2-1. 
Figures  2-1  through  2-38  show  the  weak  line  parameters 
SOD 


and  the  strong  line  parameters 


Table  2-2.  Sources  of  LTE  band  shape  data. 


Species 

Spectral  Range  (cm’1) 

400  -  2000 

2000  -  5000 

5000  + 

Diatomics 

D 

D/R 

D 

Metal  oxides 

D 

D 

- 

no2,  o3 

T 

T/R 

- 

N20,  CH4  (T  <  500  K) 

A 

A/R 

- 

N20  (T  >  500  K) 

B/WF 

B/WF 

- 

C02  (T  <  500  K) 

T 

T 

A 

C02  (T  >  500  K) 

T 

T 

- 

H20  (T  <  500  K) 

A 

A/R 

A/WA 

H20  (T  >  500  K) 

L/WF 

L/R 

L/WF 

HN03  (T  <  300  K) 

G 

- 

Notes : 

D  =  DATE  (Diatomic  Thermal  Emission)  code  (Reference  2-3) 

R  =  Data  same  as  ROSCOE-IR  (Reference  2-1) 

T  =  TATE  (Triatomic  Thermal  Emission)  code  (Reference  2-3) 
A  =  AFGL  line-by-line  data  tape  (Reference  2-5) 

B  =  Boxcar  (rectangular)  band  shape 

WF  =  Retained  old  WOE  fireball  model  (Reference  2-6) 

WA  =  Retained  old  WOE  ambient  model  (Reference  2-7) 

L  =  Data  obtained  by  Ludwig,  et  al  (Reference  2-8) 

G  =  Data  obtained  by  Goldman,  et  al  (Reference  2-4). 


\1/- 

son  •  m:i ) 


for  each  molecule  for  the  temperatures  300 
labeled  "1"  represent  the  300  K  value,  and 
3000  K  value.  The  l.orentc  half-width  a* 


and  3000  k.  In  each  ease  the  curves 
the  curves  labeled  "2"  represent  the 
is  determined  according  to 


a|  =  a | (STP)  /273/T 


I-'"-) 


(The  weak  line  parameter  describes  absorption  for  optically  thin  paths;  the  strong 
line  parameter  describes  absorption  for  thick  paths.  In  particular,  the  strong 
line  parameter  defines  the  square  root  region  of  the  curve  of  growtli  for  a  statis¬ 
tical  band.)  Parameter  values  less  than  10"'  are  not  shown  in  the  figures;  hori¬ 
zontal  lines  at  10"'  are  artifacts  of  the  plotting  routine. 
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Figure  2-18. 
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Figure  2-32. 
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Figure  2-36.  Strong  line  paramete 


Figure  2-37. 


Figure  2-38. 
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ATTN:  SZJ,  P.  Kelley 

Rome  Air  Development  Center 
Air  Force  Systems  Command 

ATTN:  OCSA,  J.  Simons 

ATTN:  TSLD 

ATTN:  OCS,  V.  Coyne 

Strategic  Air  Command 
Department  of  the  Air  Force 
ATTN:  NRT 
ATTN:  XPFS 

DEPARTMENT  OF  ENERGY 

Department  of  Energy 
ATTN:  DMA 

OTHER  GOVERNMENT  AGENCIES 

Department  of  Commerce 
National  Oceanic  &  Atomospheric  Admin 
ATTN:  F.  Fehsenfeld 

Institute  for  Telecommunications  Sciences 
National  Telecommunications  &  Info  Admin 
ATTN:  W.  Utlaut 
ATTN:  G.  Falcon 

DEPARTMENT  OF  DEFENSE  CONTRACTORS 

Aerojet  Electro-Systems  Co 
ATTN:  J.  Graham 

Aerospace  Corp 

ATTN:  I.  Garfunkel 
ATTN:  N.  Stockwell 
ATTN:  J.  Reinheimer 
ATTN:  N.  Cohen 
ATTN:  J.  Straus 
ATTN:  V.  Josephson 

Berkeley  Research  Associates,  Inc 
ATTN:  J.  Workman 

ESL,  Inc 

ATTN:  J.  Marshall 

General  Electric  Co 

ATTN:  M.  Bortner 


DEPARTMENT  OF  DEFENSE  CONTRACTORS  (Continued) 


General  Research  Corp 


ATTN 

J.  Garbarino 

ATTN 

J.  Ise,  Jr 

Jamieson  Science  &  Engineeri 

ATTN 

J.  Jamieson 

Kaman 

Sciences  Corp 

ATTN 

P,  Tracy 

ATTN 

D.  Perio 

ATTN 

N.  Beauchamp 

Kaman 

Tempo 

ATTN 

W.  Knapp 

ATTN 

DASIAC 

ATTN 

J.  Jordano 

ATTN 

K.  Schwartz 

4  cy 

ATTN 

T.  Stephens 

4  cy 

ATTN 

A.  Klein 

Lockheed  Missiles  a  Space  Co,  Inc 
ATTN:  D.  Divis 

Lockheed  Missiles  &  Space  Co,  Inc 
ATTN:  M.  Walt 

M.I.T.  Lincoln  Lab 

ATTN:  D.  Towle 

McDonnell  Douglas  Corp 
ATTN:  R.  Halprin 
ATTN:  H.  Spitzer 

Mission  Research  Corp 
ATTN:  R.  Bogusch 
ATTN:  D.  Archer 
ATTN:  R.  Ki lb 
ATTN:  D.  Sappenfield 
ATTN:  R.  Hendrick 
ATTN:  M.  Scheibe 
ATTN:  F.  Fajer, 

Nichols  Research  Corp,  Inc 
ATTN:  N.  Byrn 

Pacific-Sierra  Research  Corp 
ATTN:  H.  Brode 

Photometries,  Inc 

ATTN:  I.  Kofsky 

Physical  Research,  Inc 

ATTN:  R.  Deliberis 

University  of  the  Commonwealth,  Pittsburgh 
ATTN:  F.  Kaufman 

R  &  D  Associates 

ATTN:  B.  Gabbard 
ATTN:  R.  Turco 
ATTN:  F.  Gilmore 
ATTN:  R.  Lelevier 
ATTN:  P.  Haas 

R  &  0  Associates 

ATTN:  B.  Yoon 

Rand  Corp 

ATTN:  C.  Crain 
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DEPARTMENT  OF  DEFENSE  CONTRACTORS  (Continued) 

Science  AppI ications ,  Inc 
ATTN:  D.  Hamlin 

Science  App) ications,  Inc 
ATTN:  W.  Mendes 

SRI  International 

ATTN:  U.  Jaye 
ATTN:  W.  Chesnut 


DEPARTMENT  OF  DEFENSE  CONTRACTORS  (Continued) 

Teledyne  Brown  Engineering 
ATTN:  J.  Cato 
ATTN:  Technical  Library 
ATTN:  G.  Harney 
ATTN:  J.  Ford 

Visidyne,  Inc 

ATTN :  H .  Smi th 
ATTN:  C.  Humphrey 
ATTN:  J.  Carpenter 
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